sure that might otherwise arise from excessive and unpredictable movements of the diaphragm are eliminated. Data of value in elucidating the vascular response to hypercapnia and anesthesia may therefore be obtained from measurements of splanchnic blood volume as well as blood flow (7) . In the study reported in this paper, mechanically controlled light anesthesia (thiopentalnitrous oxide) alone appeared to have no effect upon the splanchnic bed, suggesting that extraneous factors may have been influential in producing the changes previously ascribed to anesthesia. In contrast, hypercapnia was associated with splanchnic vasoconstriction and with a reduction in splanchnic blood volume that was consistent with preponderant mesenteric and hepatic arteriolar constriction, splanchnic venoconstriction, or both.
METHODS
The subjects for this study were 19 patients (9 male and 10 female, between 21 and 60 years of age) from the Surgical Service of the Presbyterian Hospital. None presented clinical evidence of cardiovascular, renal, hepatic or biliary tract disease. Each was examined in the fasting state immediately prior to a scheduled operative procedure of relatively short duration such as inguinal herniorrhaphy, excision of pilonidal cyst or biopsy of thyroid nodule. The effects of the preanesthetic medication alone were evaluated in 6. The effects of anesthesia and hypercapnia were studied in 13 subjects who had been given 8 to 15 mg of morphine sulfate and 0.4 to 0.5 mg of scopolamine hydrobromide intravenously, de (12) . Arterial oxygen saturations were determined in the microgasometer or by the spectrophotometric method of Nahas (13) . The effect of BSP on the Nahas method was investigated and found to be negligible in the concentrations employed (1 to 2 mg per 100 ml).
RESULTS
Effects of scopolamine and morphine (Table I) Scopolamine alone (Subjects A, B, C) produced no consistent changes. Morphine given after (Subjects A, B, C) or simultaneously with scopolamine (Subjects D, E, F) produced reductions of less than 10 per cent in EHBF and CBSP.
Smythe and Gilmore (14) , using the same methods, have also reported the absence of an effect of morphine upon the splanchnic circulation in dogs.
The mean values for the various splanchnic circulatory parameters (Table I) Mean arterial blood pressure increased 13 mm Hg on the average in 6 subjects (Table II) following the induction of anesthesia, and increased 8 mm Hg on the average in. 13 anesthetized subjects (Table III) folowing the elevation of Paco2.
Striking rises occurred in isolated instances. However, neither average change was statistically significant. It fell in none.
Splanchnic blood volume did not change significantly on the average with anesthesia prior to hypercapnia. Individual changes were erratic in direction and extent. With elevation of Paco2 the mean SBV fell from 983 to 772 ml, a change of 211 ml or 21.4 per cent (p < 0.05). The SBV fell in 6 patients, rose in 1, and was unchanged (less than 10 per cent variation) in 3.
Sulfobromophthalein clearance was not significantly altered by anesthesia. During hypercapnia, however, the mean CBSP fell from 302 to 234 ml per minute, a reduction of 22 per cent (p < 0.02). The data in Table III for Subjects 11, 12 and 13 suggest that the impairment of BSP removal by high carbon dioxide levels is not rapidly reversible.
DISCUSSION
No statistically significant alteration in splanchnic hemodynamics was observed in these subjects during anesthesia with thiopental and nitrous oxide maintained by controlled respiration after intravenous administration of succinylcholine. This finding appears to be at variance with the results of previous studies in which hepatic blood flow was observed to decrease during anesthesia with cyclopropane (1), thiopental-nitrous oxide (1) or thiopental-cyclopropane with d-tubocurarine paralysis (2) . Superimposition of hypercapnia upon the anesthetic state resulted, however,. in a statistically significant increase in splanchnic vascular resistance in association with a reduction in estimated hepatic blood flow except in those instances in which the blood pressure rose. Since hypercapnia is difficult to detect clinically without direct measurement, and since it may have occurred in the previous work owing to the use of larger doses of thiopental or to the combination of curare and cyclopropane, the earlier findings may be attributable-at least in part-to undetected hypercapnia. Hypoxia may have also been present, especially when nitrous oxide was used. This uncertainty points up the need for precise monitoring and control of respiratory homeostasis during physiological investigation in anesthetized animals or man.
In the present study repeated determinations of carbon dioxide and oxygen concentrations in the blood provided a reliable basis for the appraisal of the response to anesthesia and hypercapnia separately, without need to allow for the possibility of hypoxia. Nevertheless, the findings must be interpreted with caution. Narcosis or light anesthesia may interfere with circulatory reactivity without changing the pattern of adjustment at rest. Thus, a striking susceptibility to orthostatic hypotension develops following the intravenous administration of morphine or thiopental in doses too small to affect the arterial pressure in the recumbent position (16, 17 (23) and to evaluate the role of additional side effects of carbon dioxide. Among these, the release of catecholamines may be particularly important, since epinephrine and norepinephrine may be active both in complicating the hemodynamic changes and in affecting hepatocellular activity. Although thiopental anesthesia alone does not increase the plasma concentration of catecholamines. other agents, such as cyclopropane, do (24 
